Objective: To obtain distinct dietary patterns in the third trimester of pregnancy using principal components analysis (PCA); to determine associations with socio-demographic and lifestyle factors. Design and methods: A total of 12 053 pregnant women partaking in a population-based cohort study recorded current frequency of food consumption via questionnaire in 1991-1992. Dietary patterns identified using PCA were related to social and demographic characteristics and lifestyle factors. Results: Five dietary patterns were established and labelled to best describe the types of diet being consumed in pregnancy. The 'health conscious' component described a diet based on salad, fruit, rice, pasta, breakfast cereals, fish, eggs, pulses, fruit juices, white meat and non-white bread. The 'traditional' component loaded highly on all types of vegetables, red meat and poultry. The 'processed' component was associated with high-fat processed foods. The 'confectionery' component was characterized by snack foods with high sugar content and the final 'vegetarian' component loaded highly on meat substitutes, pulses, nuts and herbal tea and high negative loadings were seen with red meat and poultry. There were strong associations between various socio-demographic variables and all dietary components; in particular, a 'health conscious' diet was positively associated with increasing education and age and non-white women. There was a negative association with increased parity, single, nonworking women, those who smoked and who were overweight pre-pregnancy. Opposite associations were seen with the 'processed' component. Conclusions: Distinct dietary patterns in pregnancy have been identified. There is clear evidence of social patterning associated with the dietary patterns, these social factors need to be accounted for in future studies using dietary patterns. This study will form the basis for further work investigating pregnancy outcome.
Introduction
The physiological stress of pregnancy demands that nutrient and energy intake is adequate, not only for the woman's health, but in order that the fetus may develop optimally. There is evidence to suggest that inadequate nutrition during pregnancy, leading to impaired fetal growth (Harding, 2001 ), could have long-term detrimental effects on the developing fetus and lead to an increased risk of cardiovascular disease and diabetes . There is also evidence for social patterning of diet across the Westernized world, with diets adhering to dietary guidelines being more likely to be reported in higher social groups or more preferable social situations (Johansson et al., 1999; De Irala-Estevez et al., 2000; Groth et al., 2001; Dynesen et al., 2003; Mishra et al., 2005) . It is important to identify particular groups of the population who have poor dietary habits, especially during such a vulnerable time as pregnancy, to enable nutrition education to be targeted.
The method of principal components analysis (PCA) to study dietary patterns is becoming increasingly popular as an alternative to studying the intake of individual food items or groups or a nutrient-specific approach. PCA, a multivariate method allowing the inclusion of many foods in combination, assesses the associations between individual food items and identifies underlying dimensions in the data based on the inter-item correlations, which may allow a more meaningful approach to assessing dietary intake. This method has been widely applied to studies of diet in adult populations investigating specific health outcomes, but to our knowledge only two studies have assessed dietary patterns using PCA during pregnancy (Wolff and Wolff, 1995; Cuco et al., 2006) .
We have previously reported on the results of PCA on childhood diet (North and Emmett, 2000; Northstone and Emmett, 2005) . We obtained distinct dietary components, which were related to a variety of socio-demographic factors. Clearly identifiable characteristics of mothers were associated with each dietary pattern showing that maternal factors have a substantial influence on early childhood eating patterns. We showed that children of younger mothers with lower levels of education were more likely to consume a diet based on convenience foods and foods high in fat, whereas a 'healthy' diet was positively associated with increased levels of maternal education.
Adult studies have also found significant links between the characteristics of the sample and the dietary patterns identified in their studies (Gex-Fabry et al., 1988; Barker et al., 1990; Gregory et al., 1990; Wichelow and Prevost, 1996; Mishra et al., 2002; Sanchez-Villegas et al., 2003) . Of the two previous studies on PCA in pregnancy (Wolff and Wolff, 1995; Cuco et al., 2006) , only Cuco et al. (2006) investigated associations between the dietary patterns observed and lifestyle factors.
This study aims to identify distinct dietary patterns of women during the third trimester of pregnancy using PCA. It will determine whether socio-demographic characteristics and lifestyle factors of the women are associated with the obtained dietary patterns.
Methods
ALSPAC is an ongoing population-based study designed to investigate the effects of environmental, genetic and other influences on the health and development of children (Golding et al., 2001) . Pregnant women resident in the former Avon Health Authority in South West England who were expected to deliver between 1 April 1991 and 31 December 1992 were eligible to participate resulting in a total cohort of 14 541 pregnancies. The primary source of data collection was via self-completion postal questionnaires administered during pregnancy at 8, 18 and 32 weeks gestation. The representative nature of the ALSPAC sample has been investigated by comparison with the 1991 National Census data of mothers with infants under 1 year of age who were resident in the county of Avon. The ALSPAC sample had a slightly greater proportion of mothers who were married or cohabiting, who were owner-occupiers and who had a car in the household, there was also a smaller proportion of ethnic minority mothers. Ethical approval for the study was obtained from the ALSPAC ethics committee and the local ethics committees of United Bristol, Southmead and Frenchay Health Care Trusts. More detailed information on the ALSPAC study is available on the website: http://www.alspac.bris.ac.uk
The questionnaire sent to the women at approximately 32 weeks gestation contained a set of questions enquiring about the frequency of consumption of a wide variety of foods and drinks. This questionnaire had been shown to produce mean nutrient intakes for the mothers (Rogers and Emmett, 1998) , which were similar to those obtained for women in the British National Diet and Nutritional survey for adults (Gregory et al., 1990; MAFF, 1994) .
For 43 food types, the woman was asked to indicate how often she was currently consuming each food type, using the following options: (i) never or rarely; (ii) once in 2 weeks; (iii) 1-3 times a week; (iv) 4-7 times a week; (v) more than once a day. The questionnaire also asked the woman to record how many cups of tea or coffee, the number of glasses of cola and the number of slices of bread she consumed each day on average. The usual type of bread (white or other) she used was also recorded.
In order to apply quantitative meaning to the frequency categories, the data were numerically transformed into times per week as follows: (i) 0; (ii) 0.5; (iii) 2; (iv) 5.5; and (v) 10 times per week. Tea, coffee, cola and bread were measured on a different scale to the other variables; therefore, all data were standardized by subtracting the mean and dividing by the standard deviation for each variable.
A wide variety of socio-demographic and lifestyle factors were investigated to determine any associations with the foods and drinks consumed by the women. The majority of these data were collected in the same questionnaire as the dietary information. Other data were obtained from the other two questionnaires completed during pregnancy. The distributions of the variables considered in the analysis are shown in Table 1 , these included for socio-demographic factors, the highest level of education, age, housing tenure, ethnic background, parity, whether the woman currently had a partner and was in paid employment. Finally, a measure of the degree of financial difficulty being experienced was calculated based on a list of five items (food, clothing, heating, rent/mortgage, things for child) which the mother may have had trouble affording (with the options of very difficult, fairly difficult, some difficulty, no difficulty). The score was scaled such that a maximum score of 20 was obtained for those women who found it very difficult to afford all five items, whereas those who had no difficulties had a score of 0. Following three categories were created: no financial difficulty (score of 0), some (1-5) or many (6 or higher). The lifestyle factors considered included whether the mother felt energetic 'nowadays', how active she felt compared with other pregnant women of a similar age, whether she smoked, was currently a vegetarian or had been on a diet during this pregnancy. Depression was also assessed based on the Edinburgh Postnatal Depression Scale (EPDS; Cox et al., 1987) and anxiety based on the anxiety sub-scale of the Crown Crisp Experimental Index (CCEI; Crown and Crisp, 1979) . Pre-pregnancy body mass index (BMI) was computed from self-report data as (weight (kg)/height (m) 2 ); a woman was defined as overweight if her BMI was 25 kg/m 2 or more. Finally, a measure of concern regarding the woman's weight and shape was created based on the responses to six questions ((1) Do you feel you have put on too much weight?; (2) Do you feel uncomfortable seeing your body in the mirror?; (3) Have you had a strong desire to lose weight at any time during this pregnancy?; (4) Do you feel dissatisfied about your shape?; (5) Have you experienced any loss of control over eating during this pregnancy?; and (6) Are you concerned about losing any extra weight you have gained in this pregnancy?). The score was split into the top decile versus the rest. In addition, seasonality was considered as the month of completion of the food questionnaire (divided into four groups equating to the seasons).
Statistical methods PCA with varimax rotation was performed on the 44 standardized food items. PCA reduces the data by forming linear combinations of the original observed variables; thereby grouping together correlated variables, which in turn identifies any underlying dimensions in the data. The coefficients defining these linear combinations are called 'factor loadings' and are the correlations of each food item with that component. The number of components that best represented the data was chosen on the basis of the scree plot (Cattell, 1966) and the interpretability of the factor loadings.
Varimax rotation (Gorsuch, 1974; Kline, 1994 ) was applied; this redistributes the explained variance for the individual components and so achieving a simpler structure, increasing the number of larger and smaller loadings. Dietary patterns in pregnancy K Northstone et al
Women were excluded from the PCA if they had more than 10 dietary items missing. If 10 or fewer items were missing, the assumption was made that the woman never consumed the item and it was given a value of 0.
A component score was created for each woman for each of the components identified, calculated by multiplying the factor loadings by the corresponding standardized value for each food and summing across the food items. Each score has a mean of 0 and a higher score indicates closer adherence to that dietary pattern. Foods with loadings above 0.3 on a component were considered to have a strong association with that component and were deemed to be the most informative in describing the dietary patterns. We have chosen to give each component a label; these do not perfectly describe each underlying pattern but aid in the report and discussion of the results.
The PCA was repeated in two randomly selected split-half samples to assess repeatability of the method and the results were highly comparable, both in terms of the factor loadings and the component scores obtained (data not shown).
The component scores were considered as the outcome variables to determine any associations with socio-demographic and lifestyle factors. Initially, analyses of variance or t-tests were performed to determine univariable associations between the various factors (as described in Table 1 ) and the dietary pattern scores (data not presented). In order to determine any independent associations with each dietary pattern score, all factors were examined using the general linear model option; adjusted parameter estimates and 95% confidence intervals are presented.
Results
A total of 12 436 women returned the questionnaire completed at 32 weeks gestation (85.5% of the original sample, many of these had already been lost because of miscarriage), of these, 12 053 (96.9%) subjects had sufficient dietary data available for the PCA (no more than 10 missing items).
Dietary components identified
Five dietary components were chosen to best describe the dietary patterns of the women. A total of 31.3% of the variability was explained by these five components, with the first explaining 10.6% (followed by 8.2, 4.9, 4.0 and 3.6% by the second to fifth, respectively). Higher order factors contributed less than 3% of the variability and were therefore not considered useful in further explaining any dietary behaviours. Table 2 shows the factor loadings obtained from the PCA. The first component has been described as 'health conscious' because of the high loadings of salad, fruit, rice, pasta, oat and bran-based breakfast cereals, fish, pulses, fruit juices and non-white bread. The second component yielded a dietary pattern high in the consumption of all types of vegetables. There were also relatively high loadings on red meat and poultry. With this in mind, we have labeled this component 'traditional', in line with the traditional British 'meat and two veg' diet and to enable comparability with the results we have previously reported in the children of this cohort (North and Emmett, 2000; Northstone and Emmett, 2005) . The third component has been labeled 'processed' as the predominant foods with high loadings were high-fat processed foods, such as meat pies, sausages and burgers, fried foods (e.g. fish, eggs, bacon, etc.), pizza, chips and baked beans. The fourth component was characterized by high intakes of foods with high sugar content such as chocolate, sweets, biscuits, cakes and other puddings and was therefore named 'confectionery'. Finally, the fifth 'vegetarian' component loaded highly on meat substitutes, pulses, nuts and herbal tea, and high negative loadings were seen with red meat and poultry.
Variation with socio-demographic and lifestyle factors Table 3 presents the results of the multivariable analyses of the dietary patterns and corresponding population characteristics showing adjusted regression coefficients and 95% confidence intervals.
The 'health conscious' diet component was negatively associated with decreasing educational level and age, increasing parity, those who were not working in the third trimester, non-white women and those who smoked. There was also a negative association with women who were overweight pre-pregnancy. Higher scores were obtained on the 'healthy' component for non-white women and those who described themselves as vegetarian. Women living in council or rented accommodation were less likely to follow this dietary pattern compared to those in owner-occupied housing, whereas those who completed the questionnaire in the summer months (June to August) had higher scores. Education was the most important factor, explaining 10.6% of the variation in the 'health conscious' score, followed by maternal age (2.9%) and smoking (1.7%).
Only five factors showed a strong independent association with the 'traditional' component; decreasing scores were evident with decreasing age, whereas increasing activity and parity were positively associated. Women who were classed as overweight had higher scores than those who were not. Finally, compared to the winter months (December to February), women who completed questionnaires in all other seasons had lower scores for this pattern. The factor explaining the greatest proportion of variability in the 'traditional' score was season (1.1%); all other factors explained less than 0.5% of the variance.
Decreasing education and age were positively associated with the 'processed' dietary component, as were increasing levels of financial difficulty, parity and whether the women lived in council housing. Women who smoked were more likely to score highly on this dietary component, whereas those who were vegetarian or reported themselves as being more active than their peers scored lower. Two percent of the variance in the 'processed' component was explained by maternal age, the most important factor, followed by education (0.8%) and parity (0.7%).
Age, housing, ethnicity, parity and energy levels were all independently related to the 'confectionery' component, such that younger women had higher scores on this pattern, non-whites, those suffering from anxiety, women who did not feel energetic and those in council or rented accommodation were less likely to score highly. Being overweight, dieting during pregnancy and completing the questionnaire in the summer months (June to August) were negatively associated with the 'confectionery' component. Maternal age and ethnicity were the most important factors, both explaining 0.4% of the variation in the 'confectionery' score.
The 'vegetarian' component was, not surprisingly, highly associated with women who reported themselves as being a vegetarian. Other independent associations were seen with education and age, but no linear trends were evident. Women with O levels scored lower on this pattern compared to those with education beyond this level, whereas women aged between 20 and 29 years also had lower scores. Compared to owner-occupiers, women in council or rented accommodation scored higher on this component, as did those who experienced financial difficulties, non-whites and Dietary patterns in pregnancy K Northstone et al those who did not work in the final trimester of pregnancy. There was a negative relationship with increasing parity, whereas women who felt that their level of activity was the 'same' as their peers had lower scores on the 'vegetarian' component. The factor explaining the greatest proportion of variability in the 'vegetarian' score was whether the mother reported herself as vegetarian (25.0%); all other factors explained less than 0.5% of the variance.
Discussion
This study has identified five distinct dietary patterns obtained from data collected by food frequency questionnaire from women in the third trimester of pregnancy. Clear socio-demographic associations were evident, such that the 'health-conscious' component was associated with higher educational levels, owner-occupied housing, fewer financial difficulties and older age, these could be termed the more socially affluent, whereas the 'processed' pattern showed associations that were the reverse of these. Cuco et al. (2006) performed PCA on 7-day dietary records recorded by 80 women both before and at several time points (6, 10, 26 and 38 weeks gestation) during pregnancy in Reus, Spain. In the 38th weeks of pregnancy, two dietary patterns were identified, based on 25 food groups. The first component loaded highly on sugars, sweetened beverages, sweet cereals (including breakfast cereals, biscuits and pastries) and whole fat dairy products, with high negative loadings on fish, fruit and vegetables, whereas the second component loaded highly on red meat, eggs, fish, olive oil and vegetables. The authors investigated the associations with smoking, physical activity, BMI and age. Only age was associated with the second dietary component. It is difficult to make comparisons between the dietary patterns we have described and those reported by Cuco et al. (2006) . The non-reproducibility of the methods of PCA across samples and the subjective decisions that need to be made by the researchers are two criticisms of this method (Martinez et al., 1998; Jacques and Tucker, 2001; Trichopoulos and Lagiou, 2001; Hu, 2002) and may explain the differences found. The smaller number of food groups entered into the PCA by Cuco et al. (2006) , cultural differences in diet between the Spanish and British populations and the different methods of dietary data collection may also explain these differences. We did find analogous results to those reported in a comparable cohort from the UK. Robinson et al. (2004) assessed dietary patterns, using food frequency questionnaires in 6125 women of fertile age (20-34 years) as part of the Southampton Women's Study. They reported a dietary component defined by high intake of fruit, vegetables, rice and pasta and low intakes of white bread, chips, sugar, processed meats and crisps. This component, based on 49 food groups, is comparable to our 'health-conscious' component and similar associations with socio-demographic variables were seen: low scores being associated with lower educational levels and age, smokers and lower levels of activity. In particular, education was the most important determinant of our 'health conscious' score, explaining 10.6% of the observed variance and Robinson et al.'s 'prudent' score, where it explained 19.7% of the variance. Different categories of education were used in these two studies, which may explain the differences in the proportion of variance explained.
Other UK studies have identified patterns that are comparable to those reported here although the order in which they were identified differed. The first component identified by both Gregory et al. (1990) and Wichelow and Prevost (1996) had high loadings on foods, which are currently considered to constituent a healthier diet (foods low in fat and high in fibre). These were both similar to our 'health conscious' component. In the study of Barker et al. (1990) , their analogous component was extracted second. The dietary pattern with high loadings on fast and convenience foods and snacks, similar to our 'processed' patterns was the final component to be identified by Gregory et al. (1990) but was the third (of four) in the analysis of both Barker et al. (1990) and Wichelow and Prevost (1996) . The third component identified by Gregory et al. (1990) was akin to the 'confectionery' component reported here being associated with cakes, puddings and biscuits.
Despite our results being similar to those previously reported in the UK, we cannot accurately determine, based on this data alone, whether the patterns we have derived have been adapted by the women because of their pregnancies, following nutritional recommendations. Further dietary data has been collected from this cohort of women postnatally and we plan to make comparisons between these time points.
There is concern over the use of food frequency questionnaires to assess dietary intake (Byers, 2001) , especially when they lack portion size information, thus potentially biasing estimation of food intake. However, in this study we have not used the dietary information obtained to estimate nutrient intake, so portion sizes are not relevant. Further, a number of studies have compared the results of PCA using food frequency questionnaires with those using weighed dietary records (Hu et al., 1999; Togo et al., 2003; Khani et al., 2004; McNaughton et al., 2005) ; each has found the resulting factor loadings and scores to be comparable.
This study has identified five distinct dietary patterns in pregnant women, which are consistent with those identified in the resulting children when they were 3, 4 and 7 years of age (North and Emmett, 2000; Northstone and Emmett, 2005) . At these time points, the consistent dietary types identified were labeled 'junk', 'health conscious' and 'traditional' and were comparable to the 'processed', 'healthconscious' and 'traditional' patterns reported here, both in terms of those foods which loaded highly and the size of the loadings. Similar associations were also identified with the socio-demographic variables investigated. We intend to marry these studies to determine the impact of mother's food choice on her child's intake. The distinct dietary patterns identified in this population of pregnant women showed clear associations with socio-demographic attributes of the women; in particular, the more healthy aspects of diet were associated with the more socially affluent women. Further analysis is required to investigate any associations of these dietary patterns during pregnancy with birth outcome and later child health to determine whether there is a need for nutrition education to be targeted at specific subpopulations.
